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Abstract
We present the final report of the workshop on “Space Plasma Phenomena at the
Collisional/Non-collisional Interplay” held at the “Chateau” of Meudon Observatory dur-
ing June 18–29, 2001. The workshop allowed 15 scientists belonging to 13 institutions
from the Czech Republic, France, Germany, Italy, United Kingdom and USA to gather
and to tackle a number of problems in Plasma Physics at various degrees of collisionality
typical of the Space environment. Three broad areas were considered involving three
working groups: a) ‘Vlasov Plasma Theory and Simulations’ (i.e. novel and critical ap-
proaches to Vlasov plasma theory); b) ‘Kinetic effects on MHD wave propagation’ (i.e.
the problem of the ‘hybrid treatment of plasmas’); c) ‘Fluid phenomena in plasmas’ (i.e.
the fluid treatment of fast particle populations). The main results of the workshop were:
i) the concomitant and successful benchmarking and tuning of several numerical codes on
a suite of kinetic, ‘hybrid’ and fluid plasma problems (including the exchange of several
such codes by participants); ii) theoretically new and numerically compact approach to
Vlasov Plasma theory (‘q-space’ and Chebyshev approaches); iii) a novel approach to the
effect of correlations in plasmas (i.e. a revision of the foundations of Vlasov theory); iv)
a study of MHD turbulence at high numerical resolution (i.e. novel results on the long
standing riddle of the small-scale MHD turbulent power spectrum). Nine publications
were laid out during the workshop to be authored by participants belonging to different
institutions. The total cost of the workshop was FFr. 53,300.
iv
11 Foreword
Looking in retrospect at the busy days of June 2001, when the workshop was in full
swing, we see that the worries that all the efforts and buzzing around in the “Chateau”
of Meudon’s Observatory would have never boiled down to anything concrete were un-
founded: this report, we hope, is the proof that the free association and genuine inter-
action of scientists coming from the most diverse branches of Space Physics can lead to
appreciable results.
Most of the credit for the success of the workshop goes to the fact that — to various
degrees, of course — participants have been engaged in its preparation for quite a long
time, some indeed as early as eight months before the meeting. During the meeting, a
balance of the talks — some of which given at a short notice — with ‘deep immersion’
was reached that kept participants ‘gravitating’ around the Chateau without generating
the boredom and fruitlessness of conventional conference lecturing.
One primary item in the list of benefits of the workshop was the openness and will-
ingness to compare, benchmark and exchange numerical codes. It is hard to overestimate
the importance it has for a numerical analysts to produce the very same results using
different implementations of the same algorithm or even different algorithms altogether.
Well, this was indeed achieved during the workshop, at least on a selected list of problems.
After the meeting, momentum for research kept participants collaborating: this report
is but a temporary snap–shot of a work still in progress, which will hopefully converge
to the planned publications within due course. Ideally, to keep the flying–wheel revolv-
ing, participants should convene again six months after the meeting, possibly with the
contribution of some “new blood” scientists. This is indeed planned for working group
‘a’ to happen in January 2002.
What is presented here would have been impossible without the contribution by the
“Centre International d’Ateliers Scientifiques” (CIAS). The generous financial support
comes of course first. But that is not all: we all know how difficult it is for scientists
to engage in a new project. Well, informality, cutting down the paper–work to the
minimum, i.e. the very original slant CIAS and his director, Prof. M. Fulchignoni,
give to scientific endeavour was a hidden and yet powerful lever to obtain participants’
involvement. The efficiency and affability of the staff of Administrations at Meudon’s
and Paris’ Observatory (Mr. E. Deuve, Mr. J. Poisot and Mr. R. Temple´ in particular)
was no second an ingredient in easing the task of organizing the workshop.
Our final special thanks go to the staff of “Service Informatique de l’Observatoire”
(SIO) and in particular to Dr. M. Guntzburger, who assisted us in preparing the infor-
matic support for the workshop.
L. Nocera Pisa, September 7, 2001
Workshop director
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2 The workshop at a glance
Table 1: PARTICIPANTS
participant affiliation label working group
Arber, A. Univ. of Warwick, Warwick(UK) UWa a
Farid, T. Univ. Bochum, Bochum (D) UBo c
Fijalkow, E. Univ. Orleans (F) UOr a
Grappin, R. DASOP-CNRS (F) DASOP c
Laveder, D. Obs. de la Coˆte d’Azur, Nice (F) ONi b
Londrillo, P. Astron. Obs., Bologna (I) OBo a
Mangeney, A. DESPA-CNRS (F) DESPA a,b
Mu¨ller W.-Ch. Max Planck Inst., Garching (D) MPI c
Mottez, F. CETP-CNRS, Velizy (F) CETP a
Nocera, L. IFAM-CNR, Pisa (I) IFAM a,b
Ofman, L. NASA GSFC and The Catholic University of America USA GSFC b
Pantellini, F. DESPA-CNRS (F) DESPA b
Sedla´cˇek, Z. Inst. Plasma Phys., Prague (CZ) IPP a
Shukla, P. Univ. Bochum, Bochum (D) UBo c
Vranjes, J. Univ. of Leuven (B) ULe c
Table 2: COLLABORATIONS
CETP DASOP DESPA GSFC IFAM IPP MPI OBo ONi UBo ULe UOr UWa
CETP •
DASOP • • •
DESPA • • • •
GSFC • •
IFAM • • • •
IPP •
MPI •
OBo • •
ONi • •
UBo • •
ULe •
UOr • • •
UWa •
Table 3: COSTS
travel FFr 20251 subsistence FFr 14150
local transp. FFr 2776 buffet FFr 1620
lodge FFr 8393 lunches FFr 6120
totals FFr 31420 FFr 21890 FFr 53310
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3 Working group a: Vlasov plasma theory and
simulation
At one end of the investigation pursued during the workshop stand the plasmas with an
infinite Knudsen number (the ratio between the mean free path of the plasma particles
and the plasma’s typical scale–length), i.e. plasmas in which collisions between particles
play no role at all. Such plasmas are described by the Vlasov equation.
In this framework, two principal directions were taken by the participants: on one
hand we developed codes who tried to solve directly the Vlasov equation by transform
methods (Appendices A.1.1 and A.1.2); on the other we first split the equation before
solving the resulting system (Appendices A.2.1, A.2.2, A.2.3 and A.2.4). One further
complication arised from the irreversible process of ‘filamentation’ or ‘corrugation’ [31],
for which a generalization of Vlasov’s equation was developed (Appendix A.2.5). To
summarize it seems that splitting methods are better for strongly non linear problems,
and that a direct solution by transform methods is more precise for quasi linear problems.
The workshop allowed an exchange of codes between the participants. The willingness
by each code developer to explain to the other users his way of solving the Vlasov equation
and the way in which he wrote the code was a unique opportunity of open collaboration.
A number of problems (e.g. Landau damping, plasma echoes, phase-space holes) were
selected for a concomitant simulation by several of this codes, which gave identical results.
A number of projects were initiated in this occasion (Table 6) and are described in
detail in Appendix A. Also a future three-day meeting was planned on Vlasov plasmas
to be held in Meudon Observatory in January 2002.
Table 4: WORKING GROUP a: TALKS
lecturer title date
Sedla´cˇek Z. Vlasov plasma oscillations in the Fourier transformed velocity space Jun 18
Nocera L. A q-space vlasov code Jun 20
Londrillo P. Numerical schemes for the Vlasov-Poisson system Jun 26
Arber T. Numerical techniques for Vlasov problems Jun 26
Sedla´cˇek Z. Some open mathematical problems in Vlasov plasma theory Jun 26
Fijalkow E. Some open problems in Vlasov plasma simulations Jun 26
Table 5: VLASOV CODES USED BY WORKING GROUP a
code type developer transfer parallel platform
splitting DESPA,IFAM UBo • CRAY T3E
splitting UWa IFAM,UOr • w/stations
splitting UOr IFAM NEC SX-5
Fourier–Fourier IFAM,IPP DESPA w/stations
Fourier–Chebyshev OBo w/stations
Table 6: PUBLICATIONS PLANNED BY WORKING GROUP a
participants subject
IFAM+IPP A q-space Vlasov code
DESPA+UOr Simulation of an isolated plasma
UOr+IFAM Dynamics of Phase Space Holes
DESPA+IFAM Are WIND/TDS WDLs DNLS solitons?
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4 Working Group b: Kinetic effects on MHD
wave propagation
Next to collisionless plasmas are those plasmas for which the Knudsen number is very
large, but finite, i.e. plasmas for which collisions have a sizeable, though very weak role.
One may wonder whether such plasmas are amenable to a fluid description. The fact that
these plasmas are out of thermodynamical equilibrium (for which strong collisionality is
needed) casts the usual Magnetohydrodynamic treatment out of the way and new fluid
equations are needed: finding these new equations is technically known as the ‘problem
of closure’. The collaboration between DESPA and CETP addresses this task (Appendix
B.1).
The situation may be further complicated by the fact that some particle species in the
plasma may be collisional, whereas other species are collisionless. For instance, during
the response of the solar corona to high frequency waves [30], the very mobile electrons
may be regarded as collisional whereas the heavy, weakly mobile ions are collisionless.
In this case electrons would be considered as a ‘fluid’ (with their ‘closure problem’ taken
into account), whereas ions should be described by the Vlasov equation. Codes which use
this twofold approach are technically known as ‘hybrid’. In this framework, two problems
were considered: the filamentation of Alfve´n waves (Appendix B.2) and the interaction
of a whistler wave and and an Alfve´n wave (Appendix B.3).
When dust grains are present in the plasma, very low frequency phenomena set in:
on the time scale of these phenomena, ions and electrons are mobile compared to the
grains and would be treated as fluids, whereas the grains should remain kinetic. This is
a very novel aspect in dusty plasma theory and it is made even more intriguing by the
nonlinearities leading to coherent ‘solitary-like’ low–frequency structures: dust grains are
‘trapped’ by the electrostatic potential wells of such structures just as ions are trapped
in the potential well of the BGK structures of the more conventional Vlasov plasmas.
The self–consistent particle and field pairs will have to be determined accordingly.
Table 7: WORKING GROUP b: TALKS
lecturer title date
Ofman L. Multifluid and hybrid modeling of waves in coronal holes Jun 18
Pantellini F. Interaction in kinetic simulations of the steady-state solar wind Jun 18
Belmont G. Fluid closures Jun 19
Mangeney A. Dissipation range in collisionless MHD turbulence Jun 27
Table 8: NUMERICAL CODES USED BY WORKING GROUP b
code developer transfer parallel platform
Hybrid DESPA • farms
Hybrid DESPA CETP w/stations
Hybrid GSFC w/stations
Two-fluid ONi • Compaq-G80
Table 9: PUBLICATIONS PLANNED BY WORKING GROUP b
participants subject
ONi+DESPA Hybrid simulations of Alfve´n-wave filamentation
ONi+IFAM MHD-Hall filamentation in the chromosphere
UBo+DESPA kinetic solitary dust structures
5 WORKING GROUP C: FLUID PHENOMENA IN PLASMAS 5
5 Working Group c: Fluid phenomena in plas-
mas
At the other end of the investigation pursued during the workshop stand the plasmas
with a very small Knudsen number. These plasmas involve phenomena of such a low
frequency that particles may be considered as fully collisional. For these plasmas fluid
treatments, such as the Magnetohydrodynamic (MHD) or Dust–Magnetohydrodynamic
(Dust-MHD) ones, are fully justified.
Two tasks were tackled in the framework of MHD. A recent collaboration between
DASOP and MPI was initiated in the wake of the remarkable high–resolution simulations
by Biskamp and Mu¨ller [6] which contributed in an illuminating way to the long–standing
riddle on the inertial–range spectrum of 3D MHD turbulence. To interpret the wealth
of results in these simulations, the intimacy of the nonlinear exchange between the ki-
netic and magnetic energy content of the plasma is being carefully examined. To this
end, analysis of the data of ref. [6], models of such an exchange and simpler ‘ad hoc’
simulations were devised during the workshop (Appendix C.1).
Another collaboration was open by the intriguing results presented at the 2001 EGS
conference [13] concerning the formation of systematic flow along closed loops due to
Alfven waves. The study of this effect (probably analogous to ‘current–drive’ phenomena
in radio-frequency heating of tokamak plasmas) is presented in detail in Appendix C.2.
In the framework of Dust-MHD a remarkable contribution was represented by the
seminar of Prof. P. Shukla, one of the founding fathers of Dusty Plasma Physics and
himself a workshop participant and organizer. One specific problem was discussed dur-
ing the workshop, concerning the formation of nonlinear coherent structures (dipolar,
tripolar, quadrople vortices, and vortex streets which are present e.g. in the Earth’s
magnetosphere, in oceans, in tokamaks and on Jupiter). Their relation was considered
to laboratory observations in which dust particles follow the streamlines of the flow and
also cast their trajectories into coherent nonlinear structures. The problem was discussed
of how vortices are born in plasmas in the absence of magnetic field.
Table 10: WORKING GROUP c: TALKS
lecturer title date
Grappin R. Loop circulation Jun 18
Vranjes J. velocity shear driven electron skin size vortices Jun 21
Farid T. nonlinear waves (dust-cyclotron/dust-acoustic) in magnetized plas-
mas
Jun 21
Shukla P. Introduction to Dusty Plasma Physics Jun 25
Mu¨ller W.-Ch. Nonlinear energy exchange between kinetic and magnetic energy in
homogeneous MHD turbulence
Jun 25
Table 11: NUMERICAL CODES USED BY WORKING GROUP c
code developer transfer parallel platform
3D-MHD MPI • CRAY-T3E
2D-MHD DASOP w/stations
Table 12: PUBLICATIONS PLANNED BY WORKING GROUP c
participants subject
GSFC+DASOP+OBo Circulation flow induced by Alfven waves in coronal
loops
MPI+DASOP Kinetic and magnetic energy exchange in MHD tur-
bulence
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A Vlasov plasma theory and simulation
A.1 Schemes based on transform procedures
These schemes originate from the idea of the spectral–collocative solution of advection
equations. Indeed, upon taking the Fourier transform of the distribution function [4]
φ(x, q, t) =
∫ ∞
−∞
f(x, v, t)eiqvdv, (1)
the last term in Vlasov’s equation
∂f
∂t
+ v
∂f
∂x
− E∂f
∂v
= 0 (2)
is transformed into the computationally inexpensive multiplicative term iqφ(x, q, t). One
variant of this approach replaced Eq. 1 by a Chebyshev transform.
Based on these two approaches, the following physical problems were tackled.
A.1.1 A q-space vlasov code
participants: IFAM, IPP
Though the idea of Fourier transforming the Vlasov equation in the velocity coordi-
nate is not certainly new [4] its full potential is far from being fully exploited.
The Fourier transformed velocity (q, in the following) approach to the Vlasov equa-
tion has undoubtedly a strong mathematical appeal. Amongst the formal advantages of
such formulation we may mention van Kampen distributional eigenmodes unfolding into
smooth Riemann-integrable functions [29] and even Landau’s poles acquiring the nature
of genuine eigenvalues of a meromorphic dispersion function to which proper eigenfunc-
tions can be associated (as shown in the workshop).
There are also computational advantages in using such an approach:
• in the q-space, the ‘corrugation’ process of the distributions, induced by the second
term in Eq. 2, is transformed into a simple unidirectional shift (free streaming)
which can be conveniently dealt with by elementary upwind biased differentiation
schemes [5, 26] by a vanishing boundary condition at the ‘ingoing’ boundary and
by a radiation boundary condition at the ‘outgoing boundary’.
• in the q-space, nonlinear operations remain point-wise local and therefore require
no convolution operation. Thus computation can be performed entirely in q-space.
This fact makes our code fundamentally different from the ones which use v-DFTs
to compute the v-derivative and then an inverse DFT to return back to space [1, 16].
As a first major consequence of this, aliasing is out of the way, which means that a
q-space Vlasov code is free from numerical echo effects [7, 8].
We have embedded these ideas in a simple 1D-1V code with periodic boundary con-
ditions in x-space; by means of this code we studied the following two basic phenomena
in Vlasov theory
1. Non linear evolution of Landau damping. Here, we find that Landau damping op-
erates at all times, at variance with what we found earlier [20, 22]. The reasons for
such discrepancies are currently being investigated.
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2. Electrostatic echoes. Here we report that the results of ref. [22] on the frequencies
of the echoes are fully confirmed: Fig. 1 below shows the spectrum of the electro-
static echo computed by a splitting algorithm (left) and by the transform algorithm
of this section (right). Remarkably, the q-space grid necessary and sufficient to re-
produce such results was 4 times coarser than the one needed in v-space simulations,
resulting in a considerable saving in storage. On the other hand, a suitably accurate
advancement in time of the distribution functions required at least one extra level
of storage. These storage gains and losses are currently being analyzed according
to the specific problem being simulated. Preliminary results and animations of this
Figure 1: The spectrum of the electrostatic echo.
collaboration can be found found on
http:algol.ifam.pi.cnr.it/q-vlasov/ODE/bi-directional/animations/animation.html
A.1.2 A Spectral Numerical Scheme for the Vlasov–Poisson System
participants: Obs. of Bologna
A short critical review on the developments of numerical schemes for the solution of
the Vlasov-Poisson system on a grid was presented. In particular it has been stressed
how this system is usually tackled as a simple fluid like system. In particular specific
algorithms taking into account its Hamiltonian structure are missing. Following ref. [15],
a scheme based on polynomial method (Fourier for space, Chebyshev in velocity) has been
constructed. Not being convinced on the validity of splitting schemes, a Runge-Kutta
was used.
A big advantage of a fully spectral approach to the Vlasov-Poisson system is its ability
to preserve energy and the lower Casimirs invariants with a good accuracy.
Chebyshev polynomials are well behaved to represent non periodic functions, like the
f(x, v, t) distribution function along the v coordinate. By truncating the velocity range
to a finite value [−v0, v0], the Chebyshev grid is defined simply by a cosine function so
that we can simply expand the distribution function on a non regular grid. It is worth to
notice that the advective term of the so transformed Vlasov equation is a product, which
has the form of a convolution in real space. The filamentation problem is a frequency
shift in Chebyshev components and it can be controlled without filtering. The code was
applied to standard problems for one components plasmas, the linear and non linear
Landau damping and the two steam instability. For the former problem Fig. 2 below
shows the spectra of the Chebychev components of the distribution function, as they
evolve in time according to a regular (non-explosive) growth, up to the cut-off mode
(here n=128), due to the filamentation processes.
A VLASOV PLASMA THEORY AND SIMULATION 8
Figure 2: Growth of Chebyshev spectrum due to the filamentation process.
A.2 Schemes based on the splitting procedure
These schemes are based on the ‘methods of characteristics’ developed e.g. in ref. [8]
which solves Eq. 2 as follows:
f(x, v,∆t) = f(x− v∆t, 0),
f(x, v,∆t) = f(x, v + E(ξ, τ)∆t, 0),
x− v∆t ≤ ξ ≤ x, 0 ≤ τ ≤ ∆t (3)
In other words, the distribution function is ’shifted’ along the characteristics of
Vlasov’s equation, first along the space directions and then along the velocity direc-
tions: In this way the shift in space and velocity is ‘split’ into two computationally
separate steps. A suitable concatenation of these steps ensures second order accuracy of
the method.
Based on this approach, the following physical problems were addressed.
A.2.1 Electrostatic Solitary Structures observed by WIND
participants: IFAM, DESPA
Based on the two species ion-electron Vlasov equations, we introduced a phenomeno-
logical model which well reproduces the electrostatic field of the coherent wave-forms
observed by the Time Domain Sampler (TDS) on board the WIND spacecraft [21], in
the shape of the elliptical solutions (Fig. 3) of a suitably modified Derivative Nonlin-
ear Schro¨dinger (DNLS) equation [14]. In an appropriate limit, the model wave-form
reduces to the so called parallel vanishing hyperbolic soliton of Newell [14]: the corre-
sponding electrostatic potential takes the shape of a double layer and well reproduces the
weak double layers observed by TDS. We calculated the distribution of trapped electrons
needed to sustain such wave-forms in by a BGK treatment [3] of a two–species, ion and
electron Vlasov–Poisson model of the solar wind plasma, where the distributions of both
trapped and untrapped particles depend on the integrals of motion and the waveforms
are stationary in a suitable Galilean reference frame (as indeed observed by TDS). In
this way we determine an exact non–perturbative, non–ponderomotive solution of the
two–species Vlasov–Poisson system.
We also discuss the possible physical origin of the phenomenological, inductively de-
rived, modified DNLS in the framework of a direct treatment of the two–species Vlasov–
Poisson system, without passing through the BGK technique.
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Figure 3: A DNLS model of the double layer observed by WIND.
A.2.2 Dynamics of Phase Space Holes
participants: IFAM, Univ. of Orleans
Phase space holes have been reported in several numerical simulations of the Vlasov-
Poisson system, as the asymptotic states of the evolution of a wide class of initial states.
Initially injected electrostatic waves [11], nonlinear Landau damping [20], bump on tail
distributions functions (see Appendix A.2.4 below), are but a few examples reproduced
by different simulation techniques.
In the attempt to understand the nature and the stability of such structures, we
consider an elementary schematic situation of a two-species, Vlasov-Poisson plasma where
ions are a cold background and attempt to reproduce the structure of the potential and
particle distribution as a BGK wave [10].
While direct techniques to provide an analytical form of the solution to the Vlasov-
Poisson system solves Poisson’s equation in favour of the electrostatic potential, once
the electron distribution function of untrapped and trapped electrons is given [28, 17],
in this contribution we rather follow the opposite approach [3] and solve in favour of
distribution function of trapped electrons once the distribution of untrapped electrons and
the electrostatic potential are given by numerical simulations. The simple sinusoidal form
of the potential in the phase space hole as provided by numerical simulations (Fijalkow,
this workshop) allows us to accomplish this task by simple quadrature.
Fig. 4 below shows a phase pace electron hole structure moving to the right with a
constant speed in both the x and y directions. Animations of the simulation can be seen
on
http://algol.ifam.pi.cnr.it/hole
A.2.3 Some open problems in Vlasov plasma simulation
participants Univ. of Orleans, DESPA
Using the x–v splitting procedure applied to the basic Vlasov equation and solving the
split equations by either formal integration, interpolation by cubic splines, we simulated
three case study problems
1. The first simulation show that a multi BGK initial distribution function is a marginally
stable equilibrium which evolves in time to a single BGK hole
2. A second result shows the creation of mobile holes in phase as a result to a strong
initial perturbation instead of the conventional Landau damping.
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Figure 4: A phase space electron hole. direction
3. Another result present the holes created in phase space during the plasma heating
by a laser beam (This code is 1D in space 2D in momentum space and relativistic)
4. As a last problem (solved with a 1D in space 2D in velocity space) show the appear-
ance of a shock wave due to a reflection process. In this problem we show that the
electric field generated in this case can explain the measurements obtained by the
wave experiment on Cluster satellites showing two frequencies: one at the plasma
frequency and a second at a lower frequency. We can see on the ω–k plot of our
simulation two branches showing that two frequencies are produced for a given k.
A.2.4 Ion–acoustic turbulence
participants Univ. of Warwick, Univ. of Orleans
To study the development of 1D Ion–Acoustic Turbulence, two types of schemes were
used and compared after the splitting stage:
• a first order interpolation scheme
• a high order TVD scheme
We found that only a first order schemes guarantees the distribution function remains
invariant in the whole domain. On the other hand such an interpolation doesn’t allow
the function to increase to a value higher than the interpolation limits in any case. High
order schemes fail near steep gradients and discontinuities. So the basic idea should be:
use high order scheme where possible, but first order near steep gradients. These high
order schemes are of TVD type: this means that, by Lax-Wendroff theorem, if they are
stable, they are guaranteed to converge.
We concluded that if averaged values of e.g. density or energy spectrum are needed
and if small negative values of f(x, v, t) are not a drawback, then high order, upwind
compact schemes + TVD limiters are appropriate algorithms. Indeed such algorithms
afford the following results:
• BGK modes are retrieved
• the numerical Ion–Acoustic instability threshold agrees with Penrose’s instability
criterion
• the Ion–Acoustic Turbulence spectrum converges to a ‘sensible’ spectrum
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A.2.5 Simulation of an isolated plasma
participants: DESPA, Univ. of Orleans
The Vlasov description of the plasma holds provided the irreversible ‘corrugation’ or
‘filamentation’ process [31] is kept under control (i.e. by a magnetic field). However, in
some situations, such as in auroral plasmas, the magnetic field has a very weak effect:
in this case corrugation proceeds unabated, the Vlasov description becomes inadequate
and new approaches to non collisional plasmas are needed.
Simulating such plasmas is a very difficult problem: indeed, since the boundary condi-
tions perturb the whole plasma after a very short time, only transient phenomena can be
simulated. To overcome these difficulties we adapt an approach introduced in Molecular
Physics [23] to the study of the Vlasov equation: we add a new stochastic variable to the
two phase space variables x and v: a new equation is obtained, which generalizes Vlasov’s
equation, for which we were able to calculate the invariants of motion. Developing these
invariants to second order in time allowed us to write a new numerical code which is now
under test.
B Kinetic effects on MHD wave propagation
B.1 Testing a new closure equation with an hybrid code
participants: DESPA, CETP
In many astrophysical plasmas the collisional mean free path can be so large to be
comparable to the typical scales of variation of macroscopic quantities such as the den-
sity or the temperature. The solar corona, the interplanetary medium and the plasma
surrounding planets (magnetospheres) are familiar examples of such nearly collisionless
space plasmas. The unfortunate thing about these plasma is that they may be poorly
described by fluid theories (e.g. Magnetohydrodynamics or MHD) which are based on
the assumption of strong collisionality and near thermodynamic equilibrium.
Given that neither of these conditions may be verified for many astrophysical plasmas
one may conclude that only fully kinetic models (where the state of the plasma at a given
time and position is specified by the full velocity distribution function of the particles
instead of e.g. its density ρ and pressure p) is the only appropriate for treating these
cases. However, given the extremely larger amount of parameters that go into a kinetic
description of a plasma, only relatively small spatial and temporal scales can be modeled
in kinetic simulations of a plasma, whereas much larger scales are accessible to MHD
simulations. This is the reason for large scale and time-dependent solar wind simulations
[12] to be accessible to fluid simulations only.
Stated simply, fluid descriptions are nothing but approximations of the general kinetic
description. The “quality” of the approximation depends on the number of macroscopic
quantities used in the fluid description (density, bulk velocity, pressure, heat flux, . . . )
and on the equations connecting these quantities (closure equations like p = ργ where γ
is a numerical constant).
The most sophisticated and most widely used approximation is the Chew-Goldberger
and Low [9] (CGL, or double adiabatic) model which allows for the pressure tensor to be
anisotropic, i.e. the pressure can be different parallel and perpendicular to the magnetic
field direction. More recently Belmont and Mazelle [2] produced a more general model
which has the advantage to correctly describe some static or quasi–static plasmas for
which the CGL model fails.
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For example CGL fails in describing the relation between density, pressure and mag-
netic field during the growth of the proton mirror instability [27]. The instability which
is driven by an excess of perpendicular pressure over parallel pressure has been found to
develop in most in-situ explored space plasmas whence the large amount of numerical
and theoretical works devoted to it. The failure of CGL in describing the slow growth of
the mirror instability is due to the fact that the instability is resonant.
The resonance involves particles with vanishingly small field aligned velocity compo-
nents. Such resonances exist in many nearly static (or slowly evolving) systems; they
invalidate the CGL approximation but should be correctly treated in the Belmont and
Mazelle [2] approach. We performed 1D hybrid simulations (kinetic electrons and fluid
electrons [32] of the mirror instability in order to verify if the the Belmont and Mazelle
[2] closure is able to correctly describe the linear evolution and the saturated state of the
instability.
Fig. 5 shows the time evolution of ∂p⊥/∂t measured at one particular point of the
simulation. Superimposed are the predictions from the CGL [9] and the Belmont and
Mazelle [2] closures computed using the density and the magnetic field from the simula-
tion. From the figure it appears clearly that the Belmont and Mazelle closure provides a
much better approximation than the usual CGL closure despite the fact that part of the
fluctuations in the system are due to the resonant Alfven Ion cyclotron instability and
not the mirror instability.
Figure 5: Time evolution of ∂p⊥/∂t
B.2 Hybrid simulations of Alfven-wave filamentation
participants: Observatory of Nice, DESPA
In the context of Hall-MHD, an interesting problem concerns the dynamics of disper-
sive, circularly-polarized, finite-amplitude Alfve´n waves driven by transverse (filamen-
tation) or oblique instabilities. In the nonlinear regime, these instabilities lead to the
formation of intense magnetic filaments (wave filamentation). This issue has been re-
cently addressed by three-dimensional numerical simulations of the Hall-MHD equations
[18, 19].
Due to the fact that left-hand polarized dispersive Alfve´n waves can be subject to
ion-cyclotron resonance, it is interesting to compare the Hall-MHD results with hybrid
simulations, in which the ions are treated as particles, allowing for resonance mecha-
nisms. For computational reasons, only 2D hybrid simulations are feasible. Because the
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study of the nonlinear dynamics of Alfve´n waves requires fully three-dimensional simula-
tions, our analysis will focus more on the instability mechanisms than on their nonlinear
development.
We have investigated the behavior of the filamentation instability of a left-hand
circularly-polarized Alfve´n wave propagating parallel to a uniform magnetic field in a
plasma at rest. Let the x−axis be aligned with the background magnetic field B0 = B0ex,
and the magnetic perturbation at t = 0 be
δbx = 0; δby(x) = a cos(k0x), δbz(x) = a sin(k0x)
while the perturbed velocity is given by
δu = −
(
k0
ω0
)
δb (4)
with a zero density perturbation. Here ω0 and k0 are related by the Hall-MHD dispersion
relation of Alfve´n waves which reads, in dimensionless units:
ω0 = −k
2
0
2
+ k0
√
1 +
(
k0
2
)2
(lengths are normalized in units of c/ωpi, wave vectors in units of (c/ωpi)
−1, times in
units of Ω−1ci , velocities in units of vA, and magnetic fields in units of B0).
The filamentation instability is an efficient mechanism for k0 ∼ 1 and β of order unity
or larger, so that we have chosen
β = 1.5, k0 = 1.016, ω0 = 0.623.
The instability pattern is well understood when the wave has a small amplitude (which
is also a necessary condition to obtain an intense filamentation), so we took a = 0.15.
The dimensions of the box have been chosen so that the initial mode is well resolved,
say twenty grid points per wavelength, while the fundamental mode in the x direction
is ten times longer, kmin ∼ 0.08. This compromise is achieved by using a resolution
dx = 0.314, dy = 0.786 so that with nx = 256, ny = 128, the numerical box has
dimensions Lx = 80.425, Ly = 100.53.
There are 100 points per cell, on average, and a total of 3, 276, 800 particles in the
simulation box. The time step is dt = 0.05 and the maximal integration time is tmax = 50.
Looking at the evolution of the transverse component of the magnetic field, one can
remark that the wave amplitude decreases significantly during the first 5 time units,
probably because we do not excite a pure normal mode of the kinetic linear theory;
as a consequence the effective amplitude of the wave is more like aeff ∼ 0.05. Small
filamentary structures, logitudinally-aligned, are formed, but their intensity is very weak,
differently from filamentation on Hall-MHD. Nothing but noise is visible on similar plots
of the parallel component.
The power spectrum of the transverse component at t = 50 displays essentially the
initial perturbation with the statistical noise. At the same time, in the power spectrum
of the parallel component some power appears for strongly oblique wave vectors, what
may be the beginning of the instabilities observed in the Hall-MHD simulations.
The study of the instabilities of small-amplitude Alfve´n waves with hybrid simula-
tions is somewhat delicate, because the amplitude of the noise must be considerably
smaller than that of the wave, a condition which is very difficult to achieve. The noise
level depends in fact on the number of particles per cell, which cannot be increased for
numerical reasons (lack of memory). We thus decided to increase the amplitude of the
wave to a = 0.4.
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Also in this case we observed an initial decreasing of the wave amplitude, but the
phenomenon is less evident than for a = 0.15 (the effective amplitude being now aeff ∼
0.3). Another possible influence of ion-kinetic effects can be tested by comparing the
observed phase velocity with the theoretical prediction given by the dispersion relation
(4). One observes that the former is approximately 10% − 15% smaller than the latter,
indicating a significant modification of the wave propagation from the completely fluid
Hall-MHD case. At the beginning of the integration, the wavefronts are destabilized
Figure 6: Development of the filamentation instability
in the transverse and oblique directions. In Fig. 6, two-dimensional color plots of the
magnetic field components are shown at two different times (red is the most intense,
blue the less intense). (a): by at t = 0, in which one distinguishes the initial wavefront;
(b): bx at t = 40 ; (c): by at t = 40 ; (d): bz at t = 40. At t = 40, one can see the
destabilization of the transverse components by,z and a certain formation of structures
on the longitudinal one bx.
This may be taken as the signature of the development of the filamentation instabil-
ity. The component bx is characterized by longitudinal striations. At later times, the
wavefronts are completely mixed and a longitudinal oscillation at a larger scale appears.
Examination of the spectrum shows the growth of large-scale longitudinal modes. In Fig.
7 we show the two-dimensional (longitudinal and one transverse direction) logarithmic
color-scale plot (red is the most intense, blue the less intense) of the spectrum of the mag-
netic field component by at t = 40. The red spot, indicated by an arrow, corresponds to
the initial Alfve´n mode. On both sides of this mode, some power is visible on longitudinal
and slightly oblique wavenumbers, indicating a prevalently longitudinal destabilization.
Not much power is visible on the transverse modes. This longitudinal dynamics does
Figure 7: Spectrum of the filamentation process
not appear with Hall-MHD simulations in the same physical conditions, but only oblique
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and transverse instability appear (and much more clearly than in the hybrid framework).
The investigation of the differences between the two results will require further analysis.
A study of the evolutions of the ion distribution function could also shade some light on
this problem.
B.3 Interaction between an Alfve´n and a Whistler wave
participants: Univ. of Bochum, DESPA
The nonlinear interaction between broadband Whistler waves and Kinetic Alfven
waves perturbations in a uniform plasma at the collisional/collisionless interplay will be
considered, taking into account the combined effects of the Whistler wave ponderomo-
tive force and the Joule heating nonlinearity. This coupling may be analysed by using
Liouville’s equation for a Whistler wave packet and an equation for a Kinetic Alfven
wave perturbation that is driven by the ponderomotive and thermal forces of the random
phase Whistler waves.
A numerical treatment of this problem must take into account that two ranges of
frequencies are involved: one, the whistler’s is large compared to Alfve´n frequency and
we expect that ions would be collisionless, whereas electrons are fully collisional: this is
a good problem for a hybrid approach.
The implication of this problem to explain the physics of the heating in solar wind
will be specifically addressed.
C Fluid phenomena in plasmas
C.1 Nonlinear energy exchange between kinetic and mag-
netic energy in homogeneous MHD turbulence
participants: MPI-Garching, DASOP
The IK (Iroshnikov-Kraichnan) phenomenology, a variant of the Kolmogorov phe-
nomenology, has long been proposed to describe the homogeneous, incompressible MHD
turbulence (with no mean magnetic field). Basically, nonlinear coupling are assumed to
be slowed down, compared to the neutral fluid (Kolmogorov) turbulence, because Alfve´n
wave packets interact only with oppositely propagating wavepackets; that is, only a frac-
tion of energy is exchanged at each collision when the local large-scale mean field is larger
than the wave amplitude. Since some time, the IK phenomenology has been criticized
for theoretical reasons, because the anisotropy of the interactions with respect to the
local field direction is not taken into account, and also because its main prediction, a
−3/2 spectrum, is rarely found in astrophysical data, at least less frequently than the
ubiquitous −5/3 spectrum.
The recent 5123 simulations by Mu¨ller and Biskamp [6] deal with incompressible, de-
caying 3D MHD turbulence with no mean magnetic field, and offer a unique opportunity
to revisit the phenomenologies in order to settle which ideas and scenarii are relevant or
not.
Some supplementary medium size simulations and a systematic analysis of the already
obtained numerical data were made during the workshop, considering quantities like
magnetic helicity, anisotropy in polarization and Fourier space. Fig. 8 shows the quantity
(B2− u2)/(uB2) versus wavenumber. Its remarkable constancy on about two decades of
wavenumbers proves an almost perfect balance between relaxation towards equipartition
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Figure 8: A model for the 3D-MHD turbulence simulations.
and magnetic fluctuation generation as predicted by our phenomenological model. It also
shows that this balance (and hence the model) is valid within the (small) inertial range,
but also at the largest scales where there is no inertial range.
C.2 Circulation flow induced by Alfve´n waves in coronal
loops
participants: GSFC, DASOP, Obs. of Bologna
The aim of the project is to understand the conditions for the onset of a systematic
flow along closed loops due to Alfve´n waves. This circulation flow was recently found in
a related numerical work (see http://melamp.obspm.fr/EGS-01/egs5.htm).
For simplicity, we will consider as a starting point a classical one-dimensional loop
model, in which the magnetic field is uniform, and the stratification is induced by a
gravitational field which reverses in the middle of the domain. In particular, this model
has been used to study the coupling between Alfve´n waves and compressive waves in
closed loops. In this 1D model of a solar coronal loop, circularly polarized Alfve´n waves
were launched at the loop’s footpoint at x=0 and propagate into the loop. The density
variation along the loop is given at the top panel (the temperature is constant). The
spatial variations of the velocity components are shown in the middle panel, and the
magnetic field is in the bottom panel at t = 35.8 Alfve´n times. Note the onset of small
Vz along the loop. The velocity amplitude of the waves increases and the magnetic field
amplitude decreases in the low density loop apex. First results with this model show
the onset of nonlinear compressional waves and flows in the loop with good agreement
between two different numerical methods [24, 25] and are shown in Fig. 9.
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